Using a first-principles all-electron band-structure approach, we show that the anomalous ( & 50'lo) reduction in the band gaps of the A B "C2 chalcopyrite semiconductors relative to their II-VI isoelectronic analogs results both from a pure structural effect (the anion displacements reflecting the mismatch of classical elemental radii) and from a purely electronic effect (p-d repulsion in the valence band), with a small coupling between the two factors. (Fig. 1) .
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The ternary chalcopyrite semiconductors A'B"'C2 ' (isoelectronic analogs of the II-VI binaries) and A " B'v C2v (isoelectronic analogs of the III-V binaries) form a group of nearly 40 different species, spanning a wide range of structural, chemical, and electronic
properties. ' ' Their crystal structure is closely related (Fig. 1) .
Remarkably, however, despite this close structural resemblance to zinc-blende semiconductors, the observed optical band gaps of the AiBIC2vi semicon ductors are more than 50'/0 smaller than in their binary analogs6 (Table I) Examination of the experimental data ' ' already suggests that p-d hybridization is insufficient to fully explain the band-gap anomaly. For instance, whereas CuInSe2 and CuGaSe2 have nearly identical d characters, ' the former compound has a band gap that is 40% smaller (Table I) . We suggest that the structural anomaly of ternary chalcopyrites reflected in bond alternation and hence in a displaced arrangement of anions (e.g. , u =0.250 for CuGaSe& but 0.224 in CuInSei) is directly related to the band-gap anomaly. To understand how the structural anomaly is dictated by the properties of the atoms, we hypothesize that the independent crystal parameters u, q, and a will attain such values that the two anion-cation bond lengths Rqc(u, q, a) and Rsc(u, q, a ) '4 provides direct predictions for a (Fig. I) , u ( Fig. 2; notice the large scatter of the experimental data), and q with no adjustable parameters and, in contrast with previous work, ' without the use of data from the ternaries. Its success enables one to predict a, u, and q for compounds for which they are not known' and to systematize the known structural parameters in terms of simple and known classical elemental radii. In turn, the classical radii are linearly related to the quantum-mechanical orbital radii" reflecting the shell structure of the atoms. This '6 By mapping the all-electron band structure as a function of the structural parameters, we next investigate how atomic radii, encoded in u, g, and a (Figs.
1 and 2) control the electronic properties. '7 We find that whereas variations in the tetragonal strain parameter rt merely lead to small (=10 t eV) changes in the crystal-field splitting and the band gaps, the anion displacement parameter sensitively controls all of the band gaps in the system (Fig. 3) . 
